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(567)  An apparatus for controlling an inverter for driv-
ing a motor including a processor which includes: a cur-
rent processor configured to generate a voltage com-
mand for allowing a current detection value, generated
by measuring a current provided from an inverter to a
motor, to follow a current command for driving the motor;
a voltage modulator configured to generate a pulse width

modulation signal for controlling on and off states of a
switching element within the inverter with a predeter-
mined switching frequency based on the voltage com-
mand; and a frequency determining processor config-
ured to randomly change the switching frequency based
on driving information of the motor.
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Description
TECHNICAL FIELD

[0001] The present disclosure relates to an apparatus
and a method for controlling an inverter for driving a mo-
tor, and more particularly, to an apparatus and a method
for controlling an inverter for driving a motor capable of
minimizing a reduction in controllability and efficiency of
the motor and reducing switching noise by randomly
changing a pulse width modulation frequency of the in-
verter.

BACKGROUND

[0002] In general, a system for driving a motor may
include a power storage device (for example, a battery),
an inverter for converting DC power stored in the power
storage device into three-phase AC power for driving the
motor, the motor, and a controller for controlling switching
of an inverter based on a current command, generated
based on a torque command for driving the motor, and
actually measured current, provided to the actual motor.
[0003] The inverter may include a plurality of switching
elements, and generate AC power by controlling the
switching elements in a Pulse Width Modulation (PWM)
type. The AC power, generated by the inverter, is pro-
vided to the motor and thus the motor operates.

[0004] When the pulse width modulation signal for con-
trolling the switching elements within the inverter has a
fixed frequency, the control may be simplified and thus
controllability may be excellentand the motor driving sys-
tem may be generally stably controlled. However, when
the inverter is controlled by the pulse width modulation
signal having the fixed frequency, a strong high frequen-
cy component appears in a band corresponding to an
integer multiple of the switching frequency and electronic
noise and vibration may occur.

[0005] In order to solve the disadvantage of the pulse
width modulation signal having the fixed switching fre-
quency, a Random Pulse Width Modulation (RPWM)
scheme of instantaneously distributing the switching fre-
quency band has been known. When the random pulse
width modulation scheme is applied, noise or vibration
may be suppressed through energy distribution but the
switching frequency may be randomly changed, so that
controllability may deteriorate.

[0006] The matters which have been described as the
technology corresponding to the background of the
present disclosure are only for assisting with an under-
standing of the background of the present disclosure,
and should not be considered as the prior art already
known to those skilled in the art.

SUMMARY

[0007] The presentdisclosure has been made in order
to solve the above-mentioned problems in the prior art
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and an aspect of the present disclosure is to provide an
apparatus and a method for controlling an inverter for
driving a motor capable of minimizing a reduction in con-
trollability and efficiency of the motor and reducing
switching noise by randomly changing a pulse width mod-
ulation frequency of the inverter, which provides driving
power to the motor, and configuring a proper change
width of the pulse width modulation frequency in consid-
eration of various environments and factors in which the
motor is driven.

[0008] According to an exemplary embodiment of the
presentdisclosure, an apparatus for controlling an invert-
er for driving a motor includes: a current controller con-
figured to generate a voltage command for allowing a
current detection value, generated by measuring a cur-
rent provided from an inverter to a motor, to follow a cur-
rent command for driving the motor; a voltage modulator
configured to generate a pulse width modulation signal
for controlling on and off states of a switching element
within the inverter with a predetermined switching fre-
quency based on the voltage command; and a frequency
determining processor configured to randomly change
the switching frequency based on driving information of
the motor.

[0009] The frequency determining processor may de-
termine a change width of the switching frequency based
on the driving information and randomly change the
switching frequency within the determined change width.
[0010] The frequency determining processor may in-
clude: arandom band generator configured to determine
a change width of the switching frequency based on the
driving information; a random number generator config-
ured to randomly determine a constant within a preset
range; a basic frequency generator configured to gener-
ate abasicfrequency which is areference for determining
the switching frequency; and an adder configured to de-
termine the switching frequency by adding the basic fre-
quency, generated by the basic frequency generator and
a value, generated by multiplying the change width, de-
termined by the random band generator, and the con-
stant, generated by the random number generator.
[0011] Therandomband generator may include: a cost
function calculator configured to calculate one cost value
by a cost function having various input driving information
as parameters; and a data map configured to store in
advance the frequency change width mapped to the cost
value, receive the cost value, calculated by the cost func-
tion calculator, and output a frequency change width
mapped to the cost value.

[0012] Therandom band generator may include: a plu-
rality of cost function calculators comprising cost func-
tions having various input driving information as param-
eters and configured to calculate cost values for the driv-
ing information; and a data map configured to store in
advance the frequency change width mapped to the cost
value, receive a maximum value among cost values cal-
culated by the plurality of cost function calculators, and
output a frequency change width mapped to the maxi-
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mum value.

[0013] Thedrivinginformation mayinclude atleastone
ofthe current command, the current detection value, tem-
perature of the inverter, temperature of the motor, and a
speed of the motor.

[0014] The cost function calculator may include a cost
function configured to output a larger cost value as the
input driving information is changed to further deteriorate
a controllability of the motor, and the data map may per-
formmapping such thatas the costvalues become larger,
the frequency change width is further reduced.

[0015] The random number generator may randomly
determine a constant within a range from -1 to 1.
[0016] The apparatus may further include a voltage
modulator configured to generate a carrier signal in a
triangle wave form having a frequency corresponding to
the switching frequency, compare the voltage command
and the carrier signal, and generate the pulse width signal
in a square wave form.

[0017] According to another exemplary embodiment
of the present disclosure, a method of controlling an in-
verter for driving a motor includes steps of: generating a
basic frequency, which is a reference for determining a
switching frequency of switching elements within the in-
verter; determining a frequency change width for chang-
ing the switching frequency based on driving information
of the motor, which is driven by receiving driving power
from the inverter; randomly determining a constant within
a preset range; and determining the switching frequency
by adding the basic frequency and a value, generated
by multiplying the frequency change width and the con-
stant.

[0018] The method further comprising generating a
carrier signal in a triangle wave form having a frequency
corresponding to the switching frequency, determined in
the determining of the frequency switching, comparing
the carrier signal with a voltage command, determined
to allow a current detection value, generated by meas-
uring current provided from the inverter to the motor, to
follow a current command for driving the motor, and gen-
erating a pulse width modulation signal in a square wave
form.

[0019] The determining of the frequency change width
may include calculating one cost value by a cost function
having various driving information as parameters, input-
ting the calculated cost value into a data map for storing
in advance the frequency change width mapped to the
cost value, and determining the frequency change width.
[0020] The determining of the frequency change width
may include calculating a plurality of cost values by re-
spective cost functions having various driving information
as parameters, inputting a maximum value among the
plurality of cost values into a data map for storing in ad-
vance the frequency change width mapped to the cost
value, and determining the frequency change width.
[0021] Thedrivinginformation mayinclude atleastone
ofthe current command, the current detection value, tem-
perature of the inverter, temperature of the motor, and a
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speed of the motor.

[0022] The costfunction may output a larger costvalue
as the driving information is changed to further deterio-
rate a controllability of the motor, and the data map may
perform mapping such that as the cost values become
larger, the frequency change width is further reduced.
[0023] The determining of the constant may include
randomly determining the constant within a range from
-1to 1.

[0024] According tothe exemplary embodiments of the
present disclosure, there is an effect of randomly chang-
ing a switching frequency of the inverter, so as to prevent
a strong high frequency component from being generat-
ed in a particular frequency, thereby significantly reduc-
ing switching noise.

[0025] Particularly, the apparatus and method for con-
trolling an inverter for driving a motor receive a plurality
of pieces of motor driving information and determine a
change width of a switching frequency, which influences
controllability, in consideration of the motor driving infor-
mation, thereby maintaining proper controllability even
in a state in which the controllability deteriorates such as
a state in which a difference between a motor current
command and actual current, provided to the motor, is
large or a state in which temperature of the motor or the
inverter excessively rises.

BRIEF DESCRIPTION OF THE DRAWINGS

[0026] The above and other aspects, features and ad-
vantages of the present disclosure will be more apparent
from the following detailed description taken in conjunc-
tion with the accompanying drawings, in which:

FIG. 1 is a circuit diagram illustrating a motor-driving
system to which an inverter control device and meth-
od for driving a motor are applied according to an
embodiment of the present disclosure;

FIG. 2 is a block diagram illustrating in more detail
an apparatus for controlling an inverter for driving a
motor according to an embodiment of the present
disclosure;

FIG. 3 is a block diagram illustrating in more detail
a frequency determining processor of the inverter
control device and method for driving the motor ac-
cording to an embodiment of the present disclosure;
FIGS. 4 and 5 are block diagrams illustrating in more
detail several examples of a random band generator
for determining a frequency change width in the in-
verter control device for driving the motor according
to an embodiment of the present disclosure; and
FIG. 6 is a flowchart illustrating the inverter control
method for driving the motor according to an embod-
iment of the present disclosure.
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DETAILED DESCRIPTION OF THE EXEMPLARY EM-
BODIMENTS

[0027] Hereinafter, anapparatus and amethod for con-
trolling an inverter for driving a motor according to various
embodiments will be described in more detail with refer-
ence to the accompanying drawings.

[0028] FIG. 1 is a circuitry diagram illustrating a motor
driving system to which an inverter control device for driv-
ing a motor is applied according to an embodiment of the
present disclosure.

[0029] Referring to FIG. 1, the motor driving system to
which the inverter control device for driving the motor is
applied, according to an embodiment of the present dis-
closure may include an energy storage device 10, a DC
link capacitor 20 connected between both sides of the
energy storage device, an inverter 30, a motor 40, a ro-
tation angle sensor 50, and a controller 100.

[0030] The energy storage device 10 is an element for
storing electric energy for driving the motor 40, such as
a battery, in a DC form and outputs DC power.

[0031] The DC link capacitor 20 is connected to both
sides of the energy storage device 10 and forms a DC
link voltage (Vdc) by charging thereof. The DC link volt-
age (Vdc) becomes an input voltage of the inverter 30.
[0032] Theinverter 30is an element for converting DC
power stored in and provided by the energy storage de-
vice 10 into AC power for driving the motor and may in-
clude a plurality of switching elements S1 to S6 of which
on/off states are controlled by a pulse width modulation
signal provided by the controller 100. Switching of the
inverter 30 may be understood as switching of a three-
phase voltage output by the inverter.

[0033] The motor 40 is an element for receiving three-
phase DC power provided from the inverter 30 to gener-
ate torque and may include various types of motors
known in the art. In an eco-friendly car, the motor is a
motor providing torque to driving wheels of the car and
may be referred to as a driving motor.

[0034] The rotation angle sensor 50 is an element for
detecting a location of a rotor of the motor, that is, a ro-
tation angle of the rotor of the motor and may detect an
angle of the rotor of the motor 40 and successively output
rotation angle detection signals including information on
the detected rotation angle of the rotor. For example, the
rotation angle sensor 50 may be implemented as a re-
solver.

[0035] The controller 100 may basically perform a con-
trol in a pulse width modulation type in which a duty cycle
(duty ratio) of the switching elements S1 to S6 of the
inverter 30 is properly adjusted in order to control torque
of the motor 40 to be a desired value (torque command).
For the control, the controller 100 derives information re-
lated to torque of the motor 40 which is being driven based
on a signal provided from the rotation angle sensor 50
and values (1, I,) of the detected current provided to the
motor 40. Subsequently, the controller 100 controls the
switching elements S1 to S6 within the inverter 30 to allow
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the motor 40 to output a value corresponding to the torque
command based on a result of comparison between the
torque command (a target torque value desired to be
acquired through the motor 40) of the motor 40 input from
the outside and the information related to torque of the
currently driven motor 40.

[0036] In the present disclosure, the current controller
100 may be a processor for operating and controlling by
a predetermined program.

[0037] According to an embodiment of the present dis-
closure, the controller 100 generates a pulse width mod-
ulation signal by applying a Random Pulse Width Mod-
ulation (RPWM) method of randomly determining a fre-
quency of a pulse width modulation signal for controlling
on/off of the switching elements S1 to S6 within the in-
verter 30. Particularly, the controller 100 properly deter-
mines a frequency change width of the pulse width mod-
ulation signal by using various pieces of motor driving
information in order to minimize reduction in controllabil-
ity and efficiency of the motor and reduce switching noise
by frequency concentration through the application of the
random pulse width modulation method.

[0038] Inthe system illustrated in FIG. 1, the controller
100 may be an inverter control device according to the
present disclosure and an inverter control method per-
formed by the controller 100 may be an inverter control
method according to the present disclosure.

[0039] FIG.2is ablockdiagramillustrating the inverter
control device for driving the motor according to an em-
bodiment of the present disclosure in more detail, and
may be understood as a system including the detailed
configuration of the controller 100 in FIG. 1, the inverter
30 controlled by the controller 100, and the motor 40 driv-
en by receiving the three-phase voltage from the inverter
30.

[0040] Referring to FIG. 2, the inverter control device
(the controller 100 of FIG. 1) for driving the motor accord-
ing to an embodiment of the present disclosure may in-
clude a current command map 110 for receiving a torque
command input from the outside and inverse magnetic
flux of the motor and outputting a current command
(quREF) of the motor corresponding to the input, a cur-
rent control task unit 120 for comparing the current com-
mand (l3,REF) and a current detection value generated
by detecting the current provided to the motor 40 to gen-
erate a voltage command (Vy4sREF) for making the cur-
rent detection value follow the currentcommand (quREF)
and generating a gate signal for controlling on/off of the
switching elements S1 to S6 through pulse width modu-
lation to generate the output of the inverter 20 corre-
sponding to the voltage command (Vy4ssREF), a coordi-
nate converter 130 for converting a value generated by
detecting phase current (la, Ib) provided to the motor 40
into d/q axis current (qu), and a speed estimator 140 for
deriving a rotation speed of the motor 40 using a location
of a motor rotor detected by the rotation angle sensor 50.
Here, the speed estimator 140 may be include control
logics.
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[0041] The current command map 110 may store in
advance the current command (l4,REF) mapped both to
the torque command for the motor 40 and the inverse
magnetic flux of the motor 40. Accordingly, the current
command map 110 receives a torque command of the
motor input by an external upper controller and a value
generated by detecting the inverse magnetic flux output
from the motor and outputs the current command
(I3qREF) corresponding thereto. The current command
(IqREF) may have a form of a d/q axis current command
on arest frame.

[0042] According to an embodiment of FIG. 2, it is de-
scribed that the current command map 110 outputs the
current command (l34REF) mapped to the two values
which correspond to inputs including the torque com-
mand for the motor 40 and the inverse magnetic flux of
the motor 40, but it is only an example and the current
command map 110 may output a currentcommand using
a map in which the current command is mapped to other
types of input values. Further, the current command map
110 is only an example of the method which can be ap-
plied to generate the current, and the current command
may be derived by a method other than the map, for ex-
ample, calculations performed by putting a particular in-
put value into a preset equation.

[0043] The current control task unit 120 may include a
current controller 121, a voltage modulator 123, and a
frequency determining processor 125.

[0044] In the present disclosure, each of the current
controller 121, the voltage modulator 123, and frequency
determining processor 125 may be implemented as a
processor such as a central processing unit (CPU) in an
electronic circuitry within a computer that carries out in-
structions of a computer program by performing arithme-
tic, logical, control, and input/output (I/O) operations
specified by the instruction.

[0045] Further, the current control task processor 120
including the current controller 121, the voltage modula-
tor 123, and the frequency determining processor 125
may be embedded in the controller 100 as one controller.
[0046] The current controller 121 may receive the d/q
axis current command (quREF) from the current com-
mand map 110, receive a value (l44) generated by con-
verting the current detection value (la, Ib) generated by
actually measuring the current provided from the coordi-
nate converter 130 to the motor into the d/q axis current,
and receive a rotation speed (rotation frequency) (o,) of
the motor estimated by the speed estimator 140. The
current controller 121 may generate the voltage com-
mand (Vq4ssRef) based on provided information.

[0047] More specifically, the current controller 121 may
generate the voltage command (Vyq4ssRef) on the basis
of a difference component between the d/q axis current
command (quREF) output from the current command
map 110 and the actually measured d/q axis current (l4q).
Particularly, the current controller 121 may be implement-
ed in a form of a proportional integral (PI) controller and
may generate the d/q axis voltage command (VyyssRef)
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for controlling the actually measured d/q axis current (qu)
to follow the current command (13,REF) through propor-
tional integral of the difference component between the
d/q axis current command (I44REF) and the actually
measured d/q axis current (qu).

[0048] The voltage modulator 123 receives the voltage
command (quSSREF) and a switching frequency (or a
carrier frequency) generated by the frequency determin-
ing processor 125 and generates a pulse width modula-
tion signal for determining an on/off state of the switching
element within the inverter 30 based thereon. For exam-
ple, the voltage modulator 125 may generate a carrier
signal in a form of a triangle wave following the switching
frequency (carrier frequency) determined by the frequen-
cy determining processor 125 and generate a pulse width
modulation signal in a form of a square wave through a
comparison between the carrier signal and the d/q axis
voltage command (VqssRef).

[0049] The pulse width modulation signal output by the
voltage modulator 123 is provided to a gate of each of
the switching elements S1 to S6 within the inverter 30
and on/off of the switching elements S1 to S6 is deter-
mined, and thus a three-phase AC voltage (three-phase
DC) provided from the inverter 30 to the motor 40 may
be determined.

[0050] The frequency determining processor 125 is an
element for determining a switching frequency of the in-
verter 30 and may randomly determine the switching fre-
quency within a preset range and provide the determined
switching frequency to the voltage modulator 123. Par-
ticularly, the frequency determining processor 125 may
receive various pieces of information related to driving
of the motor 40, determine a change width of the switch-
ing frequency based on the information, and determine
the switching frequency randomly varying within the de-
termined change width.

[0051] FIG. 3 is a block diagram illustrating the fre-
quency determining processor of the inverter control de-
vice for driving the motor according to an embodiment of
the present disclosure in more detail.

[0052] Referring to FIG. 3, the frequency determining
processor 125 may include a random band generator 61
for determining a change width (F,,,4) of the switching
frequency for changing the frequency of the pulse width
modulation signal, a random number generator 63 for
determining a random number (K, ,4), Which is arandom
constant within a range from -1 to 1 multiplied by the
change width (F,,4) of the switching frequency deter-
mined by the random band generator 61, a basic fre-
quency generator 65 for generating a basic frequency
(Fpase)» Which is a reference of the switching frequency,
and an adder 67 for determining the switching frequency
(Fsw) by adding the frequency, which is determined by
multiplying the random number (K, ,4) and the frequency
change width (F,,,4), and the basic frequency (Fp,se)-
[0053] The frequency determining processor 125 de-
termines the switching frequency (F,) randomly
changed by adding the basic frequency (Fp,sc) deter-
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mined by the basic frequency generator 65 and a random
frequency change value. The basic frequency generator
65 may determine the basic switching frequency through
a switching frequency determination method applied to
another pulse width modulation scheme for generating
a pulse width modulation signal with a fixed switching
frequency.

[0054] The random frequency change value is
changed within a predetermined change width. To this
end, the random band generator 61 randomly determines
the frequency variable value within the frequency change
width by setting the frequency change width (F,,,q) and
multiplying the random number (K,,4) having a value
from -1 to 1 by the set change width.

[0055] The switching frequency (F, ), determined by
adding the basic frequency (F,ase) and the frequency
variable value (K ;,4XF anq) by the adder 67, is provided
to the voltage modulator 123, and the voltage modulator
generates a pulse width modulation signal having a fre-
quency corresponding to the switching frequency (Fy,,)
(corresponding to the carrier frequency). As described
above, the voltage modulator 123 may generate a carrier
signal in a form of a triangle wave following the switching
frequency (Fg,) (carrier frequency), determined by the
frequency determining processor 125, and generate a
pulse width modulation signal in a form of a square wave
through a comparison between the carrier signal and the
d/q axis voltage command (Vy4ssRef).

[0056] Meanwhile, according to an embodiment of the
present disclosure, the frequency change width may be
determined using at least some of pieces of motor driving
information such as a motor driving environment or con-
trol state. That is, the random band generator 61 may
receive the motor driving information and determine the
frequency based thereon.

[0057] FIGS. 4 and 5 are block diagrams illustrating
several examples of the random band generator for de-
termining the frequency change width in the inverter con-
trol device for driving the motor according to an embod-
iment of the present disclosure.

[0058] First, referring to FIG. 4, the random band gen-
erator 61 may include a cost function calculator 611 for
receiving various pieces of motor driving information and
generating a cost value (C,,,), Which is a reference for
determining the frequency change width (F,,,4), based
on one cost function having each piece of the received
motor driving information as a parameter, and a data map
613 for storing in advance the frequency change width
(Frang) mapped to the cost value (C,,,,,,) and outputting
the frequency change width (F,,,4) mapped to the cost
value (C,,on), calculated and input by the cost function
calculator 611.

[0059] The motor driving information input to the cost
function calculator 611 may include a d/q current com-
mand (lg refr Iq ref) COrresponding to the torque com-
mand for driving the motor, a current detection value (I,
lq) generated by detecting the current provided from the
inverter 30 to the motor 40, a rotation speed (o) of the
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motor 40, temperature (T;,,) of the inverter 30, and tem-
perature (T,,o) of the motor 40.

[0060] The cost function calculator 611 may include a
costfunction for generating areference value (cost value)
by which the proper switching frequency change width
(Frang) can be determined using various pieces of input
motor driving information. The cost function is an equa-
tion having the received motor driving information as a
parameter and may provide a weighted value to each
type of the motor driving information.

[0061] The data map 613 may store in advance the
frequency change width (F,,,q) mapped to the cost value
(Cimon)> @and when the cost value (C,,,.,) is input, output
the frequency change width (F,,,q) mapped to the input
cost value (C,o)- The frequency change width (F,,,4) in
the data map 613 may have a limitation on a very low
costvalue ora very high costvalue. Thatis, the frequency
change width (F,,,q) may have a maximum value or a
minimum value, set in advance, and may be properly
determined within a range between the maximum value
and the minimum value according to a cost value. The
maximum value of the frequency change width (F 4,q)
may be a value by which a maximum switching frequency
for stably controlling the motor 40 can be generated, and
the minimum value of the frequency change width (F,;,4)
may be 0, in which case the switching frequency is set
as a default frequency and not be variable.

[0062] Referring to FIG. 5 in which another example
of the random band generator 61 is illustrated, the ran-
dom band generator 61 may include a plurality of cost
function calculators 611a to 611e for individually calcu-
lating cost functions for respective pieces of motor driving
information such as the d/q current command (ly e
lq_rer), the d/q current detection value (Ig, 1) generated
by detecting the current provided from the inverter 30 to
the motor 40, the rotation speed ((Drpm) of the motor 40,
the temperature (T;,,) of the inverter 30, and the temper-
ature (T,,ot) of the motor 40, a maximum value selector
612 for selecting a maximum value from among cost val-
ues (Cpon1 to Cirons) calculated by the cost function cal-
culators 611a to 611e, and a data map 613 for storing
the frequency change width (F,,,q) mapped to the cost
value (C,o,) in advance, receiving a cost value selected
by the maximum value selector 612, and outputting the
frequency change width (F,,,4) corresponding to the se-
lected cost value. Here, the maximum value selector 612
may be include control logics.

[0063] Unlike the example illustrated in FIG. 4, in the
example illustrated in FIG. 5, a plurality of cost values
may be calculated by individually applying the cost func-
tion calculators 611ato 611eto the value calculated using
each piece of some pieces of the plurality of input motor
driving information and then the frequency change width
(Frang) for the maximum value among the calculated cost
values (Cmon1 to Cmon5) may be determined.

[0064] For example, the first cost function calculator
611a may calculate, as a parameter, a cost value through
acostfunction having an average value (lg,,) of difference
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values between the d/q current command (ly rer, g rer)
and the d/q current detection value (lg, |) generated by
measuring the current provided from the inverter 30 to
the motor 40. The second cost function calculator 611b
may calculate a cost value through a cost function having
the inverter temperature (T;,,) as a parameter, and the
third cost function calculator 611c may calculate a cost
value through a cost function having the motor temper-
ature (T,,ot) @s a parameter. Further, the fourth cost func-
tion calculator 611d may calculate a cost value through
a cost function having an average (Iamp) ofthe d/q current
detection value as a parameter, and the fifth cost function
calculator 611e may calculate a cost value through a cost
function having the rotation speed (o, of the motor 40
having a parameter.

[0065] In order to determine a switching frequency
change width in consideration of information that is most
greatly influenced by a random change of the switching
frequency among the calculated cost values, the maxi-
mum value selector 612 may select a maximum value
among the plurality of cost values (C,;,on1 10 Con5) @and
determine the frequency change width (F,,,q) based on
the data map 613 having a cost value corresponding to
the maximum value as an input like in the description of
FIG. 4.

[0066] In FIGS. 4 and 5, the cost function may output
a larger cost value as the input motor driving information
is changed to further deteriorate a controllability of the
motor, and the data map may perform data mapping such
that as the inputcostvalues become larger, the frequency
change width (F,,,4) is further reduced. For example, as
the average value (lg,,) of difference values between the
d/q current command (ly e, lq ref) @nd the d/q current
detection value (lg, 1) generated by measuring the cur-
rent provided from the inverter 30 to the motor 40 be-
comes larger, the motor control may not be performed
properly. In this case, as the average value (l,,) is larger,
the cost value may increase and the frequency change
width output from the data map may decrease. That is,
according to an embodiment of the present disclosure,
it is possible to improve the control while an effect of a
noise decrease by reducing the frequency change width
in a condition in which an increase in the control is re-
quired. For example, driving information for reducing the
control may include an increase in the inverter tempera-
ture (Tj,,), an increase in the motor temperature (T,,ot).
an increase in the average (Iamp) of the d/q current de-
tection value, and anincrease in the motor rotation speed
(orpm)- As the control is reduced by the driving informa-
tion, the cost value may increase and accordingly the
frequency change width (F,,,q) may decrease.

[0067] The frequency change value is determined by
multiplying the frequency change width (F,,,q), deter-
mined by the random band generator 61, and the random
number (K,,4) Within the range from -1 to 1, generated
by the random number generator 63, and the switching
frequency (F,,) is determined by adding the basic fre-
quency (Fpase). generated by the basic frequency gen-
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erator 65 and the frequency change value, which may
be implemented by the example illustrated in FIG. 4 or 5.
[0068] The presentdisclosure also provides an invert-
er control method using the inverter control device for
driving the motor.

[0069] FIG.6is aflowchartillustrating the inverter con-
trol method for driving the motor according to an embod-
iment of the present disclosure.

[0070] Referring to FIG. 6, the inverter control method
for driving the motor according to an embodiment of the
present disclosure starts at step S11 in which the basic
frequency generator 65 generates the basic frequency
(Fpase) for switching the inverter 30 and step S12in which
the random band generator 61 receives motor driving
information and determines the frequency change width
(Frang)- The control, such as the general inverter control,
for example, generating a current command based on a
torque command of the motor 40 input from the outside
and generating a voltage command by comparing the
current command with a current detection value gener-
ated by detecting actual current provided to the motor
40, may be also performed immediately when the motor-
ing driving is initiated.

[0071] In step S11 of generating the basic frequency
(Fpase): the basic frequency may be generated through
a method applied to a pulse width modulation scheme in
which a fixed switching frequency is applied as well as a
random pulse width modulation scheme.

[0072] Further, in step S12, a scheme of generating
one cost value based on a plurality of pieces of motor
driving information as parameter and then determining
the frequency change width (F,,,4) corresponding to the
cost value on the basis of the data map or a scheme of
generating a cost value for each of the plurality of pieces
of motoring driving information and then determining the
frequency change width (F,,,4) corresponding to a max-
imum value among a plurality of cost values may be se-
lectively applied, as illustrated with reference to FIGS. 4
and 5.

[0073] Further, the random number generator 63 may
generate a random number (K,,,q) having a random
number within a range from - 1 to 1 in parallel to steps
S11 and S12, and may determine a frequency change
value by multiplying the frequency change width (F,;,q4)
and the random number (K,,,4) in step S13.

[0074] The adder 67 adds the basic frequency (F4se)
and the frequency change value to determine the switch-
ing frequency (Fg,,) of the pulse width modulation signal
for controlling the inverter 30 and provide the determined
switching frequency (Fy,,) to the voltage modulator 123
in S14.

[0075] The voltage modulator 123 receives the voltage
command (quSSREF) and the switching frequency (Fg,,)
(or a carrier frequency), generated by the adder 67, and
generates a pulse width modulation signal for determin-
ing an on/off state of the switching element within the
inverter 30 based on the switching frequency (F,,) in
S15. As described above, in S15, the voltage modulator
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123 may generate a carrier signal in a triangle waveform
corresponding to the switching frequency (F,,) (carrier
frequency), generated by the adder 67, and generate a
pulse width modulation signal in a square wave form
through a comparison between the carrier signal and the
d/q axis voltage command (VyqssRef).

[0076] The pulse width modulation signal, generated
by the voltage modulator 123, may be provided to gates
of the switching elements S1 to S6 within the inverter 30
and thus on/off states of the switching elements S1 to S6
may be controlled.

[0077] A series of control flows illustrated in FIG. 6 is
continuously repeated while the motor is driven, so that
the switching frequency may be randomly determined
whenever the control flow is repeated.

[0078] Asdescribed above, the apparatus and method
for controlling the inverter for driving the motor according
to various embodiments of the present disclosure may
randomly change the switching frequency of the inverter,
so as to prevent a strong high frequency component from
being generated in a particular frequency, thereby sig-
nificantly reducing switching noise.

[0079] Particularly, the apparatus and method for con-
trolling the inverter for driving the motor according to var-
ious embodiments of the present disclosure may receive
a plurality of pieces of motor driving information and de-
termine a change width of the switching frequency, which
influences controllability, based on the motor driving in-
formation, and thus maintain proper controllability even
in a state in which the control of the motor is reduced (for
example, a state in which a difference between a motor
current command and actual current provided to the mo-
tor is large or a state in which temperature of the motor
or the inverter excessively rises).

[0080] Although particular embodiments of the present
disclosure have been illustrated and described, it is ap-
parent to those skilled in the art that the present disclo-
sure can be variously modified and changed without de-
parting from the scope of the present disclosure.

Claims

1. An apparatus for controlling an inverter for driving a
motor, the apparatus comprising a processor includ-

ing:

a current processor configured to generate a
voltage command for allowing a current detec-
tion value, which is generated by measuring a
current provided from an inverter to a motor, to
follow a current command for driving the motor;
a voltage modulator configured to generate a
pulse width modulation signal for controlling on
and off states of a switching element within the
inverter with a predetermined switching frequen-
cy based on the voltage command; and

a frequency determining processor configured
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to randomly change the switching frequency
based on driving information of the motor.

2. The apparatus of claim 1, wherein the frequency de-
termining processor determines a change width of
the switching frequency based on the driving infor-
mation and randomly changes the switching fre-
quency within the determined change width.

3. The apparatus of claim 1, wherein the frequency de-
termining processor comprises:

a random band generator configured to deter-
mine a change width of the switching frequency
based on the driving information;

a random number generator configured to ran-
domly determine a constant within a preset
range;

a basic frequency generator configured to gen-
erate a basic frequency which is a reference for
determining the switching frequency; and

an adder configured to determine the switching
frequency by adding the basic frequency, gen-
erated by the basic frequency generator and a
value, which is generated by multiplying the
change width, determined by the random band
generator, and the constant, generated by the
random number generator.

4. The apparatus of claim 3, wherein the random band
generator comprises:

a cost function calculator configured to calculate
a cost value by a cost function having varouis
parameters based on the driving information of
the motor; and

a data map configured to store in advance a fre-
quency change width mapped to the cost value,
receive the cost value, calculated by the cost
function calculator, and output the frequency
change width mapped to the cost value.

5. The apparatus of claim 3, wherein the random band
generator comprises:

a plurality of cost function calculators comprising
costfunctions having various parameters based
on the driving information and configured to cal-
culate cost values for the driving information;
and

a data map configured to store in advance the
frequency change width mapped to the cost val-
ue, to receive a maximum value among the cost
values calculated by the plurality of cost function
calculators, and to output the frequency change
width mapped to the cost value.

6. The apparatus of claim 1, wherein the driving infor-
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mation of the motor includes at least one of the cur-
rent command, the current detection value, a tem-
perature of the inverter, a temperature of the motor,
and a speed of the motor.

The apparatus of claim 4, wherein the cost function
calculator includes a cost function configured to out-
put a larger cost value as the driving information is
changed to further deteriorate a controllability of the
motor, and

the data map performs mapping such that as the
cost values become larger, the frequency change
width become smaller.

The apparatus of claim 3, wherein the random
number generator randomly determines a constant
within a range from -1 to 1.

The apparatus of claim 1, further comprising a volt-
age modulator configured to:

generate a carrier signal in a triangle wave form
having a frequency corresponding to the switch-
ing frequency;

compare the voltage command and the carrier
signal; and

generate the pulse width signal in a square wave
form.

10. A method of controlling an inverter for driving a mo-

tor, the method comprising steps of:

generating, by a processor, a basic frequency,
which is a reference for determining a switching
frequency of switching elements within the in-
verter;

determining, by the processor, a frequency
change width for changing the switching fre-
quency based on driving information of the mo-
tor, which is driven by receiving driving power
from the inverter;

randomly determining, by the processor, a con-
stant within a preset range; and

determining, by the processor, the switching fre-
quency by adding the basic frequency and a val-
ue which is generated by multiplying the fre-
quency change width and the constant.

11. The method of claim 10, further comprising steps of:

generating a carrier signal in a triangle wave
form having a frequency corresponding to the
determined switching frequency;

comparing the carrier signal with a voltage com-
mand, which is determined to allow a current
detection value, generated by measuring cur-
rent provided from the inverter to the motor, to
follow a current command for driving the motor;
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12.

13.

and
generating a pulse width modulation signal in a
square wave form.

The method of claim 10, wherein the step of deter-
mining the frequency change width comprises steps
of:

calculating a cost value by a cost function having
various driving information as parameters;
inputting the calculated cost value into a data
map for storing in advance the frequency
change width mapped to the cost value; and
determining the frequency change width.

The method of claim 10, wherein the step of deter-
mining the frequency change width comprises steps
of:

calculating a plurality of cost values by respec-
tive cost functions having various driving infor-
mation as parameters;

inputting a maximum value among the plurality
of cost values into a data map for storing in ad-
vance the frequency change width mapped to
the cost value; and

determining the frequency change width.

14. The method of claim 10, wherein the driving infor-

15.

16.

mation includes at least one of a current command
for driving the motor, a current detection value, gen-
erated by measuring current provided from the in-
verter to the motor, a temperature of the inverter, a
temperature of the motor, and a speed of the motor.

The method of claim 12, wherein the cost function
outputs a larger cost value as the driving information
is changed to further deteriorate a controllability of
the motor, and

the data map performs mapping such that as the
plurality of cost values become larger, the frequency
change width becomes smaller.

The method of claim 10, wherein the step of deter-
mining the constant comprises randomly determin-
ing the constant within a range from -1 to 1.
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